Two hundred and thirty-three patients with renal amyloidosis were studied in an attempt to identify the incidence and pattern of the disease in northern India. The incidence of amyloidosis was 1 01% of 6431 postmortems and 8-4 % of 1980 renal biopsies from patients who presented with clinical evidence of glomerular disease. Two hundred and three patients (87 1 %) had secondary amyloidosis, 22 (9-4 %) had primary amyloid and 8 patients (3 5 %) had amyloidosis associated with multiple myeloma. Tuberculosis of various organs was the commonest predisposing disease accounting for 59 1% of secondary amyloidosis, followed by chronic suppurative lung disease in 241 %. Rheumatoid arthritis, chronic osteomyelitis and lepromatous leprosy were seen in a small percentage of patients (2 to 8 %). Proteinuria of varying degree was present in all the 233 patients and 12-9 % of them had a daily protein excretion of more than 10 g.
Introduction
Amyloidosis is known to occur in a number of apparently disparate clinical entities and is characterized by the deposition of an extracellular eosinophilic substance in various organs. Although the name suggests carbohydrate deposition, it is now felt that the substance is nredominatlv. if not exclusivelv-* Reprint requests to: Dr K. S. Chugh, Department of Nephrology. protein in origin (Glenner, Terry and Iserskey, 1973) . The kidneys are frequently involved and renal failure is the commonest cause of death (Brandt, Cathcart and Cohen, 1968; Triger and Joekes, 1973) . Although widespread amyloidosis may be found at postmortem, clinical evidence of organ involvement other than the kidneys is an infrequent finding (Brandt et al., 1968) . No detailed studies are available on the pattern of renal amyloidosis in India. In this paper, the authors present their observations in 233 patients with renal amyloidosis. These include 16 patients described in an earlier report (Chugh et al., 1960) .
Materials and methods
During the period 1957 to 1979, 1980 patients with clinical evidence of renal disease underwent a renal biopsy at the V.J. Hospital, Amritsar, and the Postgraduate Institute of Medical Education and Research, Chandigarh. Of these, 168 patients (8 5 %) had renal amyloidosis. Over the same period, out of 6431 post-mortem examinations, renal amyloidosis was detected in 65 (101 %). Renal biopsy sections were stained with haematoxylin and eosin and periodic acid-Schiff and examined under light microscopy. The diagnosis of amyloidosis was confirmed by the presence of classical green birefringence in Congo red-stained sections viewed under polarized light, and by the typical fluorescence with thioflavine T. Liver, rectal and gum biopsies were also performed in a few patients.
In patients with secondary amyloidosis, an attempt was made to determine the interval between the onset of the preceding disease and the earliest clinical evidence of renal amyloidosis. The first detection of protein in the urine or the appearance of involvement by the amyloid deposits. The investigations included routine urinalysis, 24-hr excretion of protein in the urine, serum total proteins, cholesterol, creatinine and blood urea by standard techniques. Chest and abdomen X-rays were taken in each case. Barium study and excretory urography were performed as and when indicated.
Observations
Of the total of 233 patients, 203 (871 %) were found to have secondary amyloidosis, 22 (9 4 %) had primary amyloidosis, and 8 (3.5 %) had amyloidosis associated with multiple myeloma. Of those with secondary amyloidosis, tuberculosis was the commonest predisposing factor, being present in 120 patients (591 %). The diseases which preceded the development of secondary amyloidosis are listed in Table 1 . The interval between the onset of the predisposing disease and the first evidence of secondary renal amyloidosis varied from one to 30 years with a mean of 6-92 years. The interval was > 5 years in 67 % of patients.
Oedema was the presenting feature ( No patient with secondary amyloidosis had purpuraCongestive cardiac failure was observed in 24 patients (10.3 %). Proteinuria of varying degree was present in all the 233 patients. It was nephrotic (> 3 g/24 hr) in 122 patients (52-4%). Of these, 30 had a 24-hr proteinuria of > 10 g. Microscopic haematuria was noted in 51 patients (21 8 %). Seventy-one patients Y.) had a serum creatinine of > 176-8 i.mol/l at the time of diagnosis. Hypoalbuminaemia (serum albumin <25 g/l) was observed in 165 patients (70 8 %). Of 189 patients in whom the serum cholesterol was measured, it was elevated in 98 (51-8 %).
Two patients with pulmonary tuberculosis and renal amyloidosis who showed complete healing of the primary disease following chemotherapy, showed clinical as well as histological evidence of regression of amyloid in the repeat renal biopsies performed 3 and 5 years respectively after the first biopsy. In one additional patient, on re-evaluation 9 years after the diagnosis of secondary renal amyloidosis, the 24-hr protein excretion had decreased from 4-5 g to 0-12 g and the blood urea and creatinine concentrations had remained normal. All 3 of these patients had normal blood urea and creatinine concentrations when first diagnosed.
Of the 65 post-mortem examinations, uraemia was the cause of death in 38 (58-4%). These post-mortems included those on 55 patients with secondary amyloidosis, 8 with primary amyloidosis, and 2 with amyloidosis associated with myeloma.
The organ distribution of amyloid in the postmortems is given in Table 3 . The spleen was theorgan most involved after the kidneys. The liver and adrenals were involved in 41 and 33 patients respectively. There was onemajor difference in the pattern of organ distribution between primary and secondary amyloid, namely the incidence of cardiac involvement which was 50 % in the former and only 23 6 % in the latter. The weight of the kidneys was recorded in 55 of the 65 post-mortems. In 15 (27-3 %) theweight of each kidney was > 175 g. Of these, 13 had secondary amyloid and 2 had primary amyloid disease. Four out of these 15 had a serum creatinine of > 442 ,umol/l at the time of death. The maximum kidney weight was 320 g.
The kidneys had shrunk to a weight of <90 g each in 5 patients (9%); all 5 patients had died of advanced end-stage renal failure. In 2 patients, there was a difference of more than 100 g in the weight of the 2 kidneys. Renal vein thrombosis was not seen in either of these. In one of them, the difference in weight could be explained on the basis of one kidney being hypoplastic. 
Discussion
The prevalence of amyloidosis in the population is not known; the post-mortem incidence in general hospitals in various population groups has varied from 0-09 to 8% (Symmers, 1956; Cardell, 1961; Battaglia, 1964; Edington and Mainwaring, 1964; Nakagawa and Suzue, 1964; Azzopardi and Lehnes, 1966; Ravid et al., 1967; Cooke and Champness, 1967) . Reports from a few centres in India have shown the incidence to vary from 0-5 to 5-1 % (Bhende and Patel, 1959; Mathur and Jhala, 1964; Chitkara et al., 1965; Date and Job, 1974) . In the present study, the incidence of amyloidosis amongst 6431 post-mortems was 101 %. In recent years, the increasing use of tissue biopsies and improvements in the staining techniques have led to detection of more and more cases during life (Rizvi, Gulati and Vaishnava, 1974; Chugh et al., 1975) . The incidence of amyloidosis in 1980 renal biopsies from patients with evidence of glomerular disease has been observed to be 8-4%, indicating that the condition accounts for a significant proportion of cases presenting with proteinuria in the North Indian population. Triger and Joekes, working at St Peter's Hospital, London (1973) , observed an incidence of 3% in a comparable series of 1500 renal biopsies.
The post-mortem incidence of amyloidosis in patients with tuberculosis has varied from 4 to 41 % (Cohen, 1943; Chitkara et al., 1965) . In some studies, tuberculosis has been reported as accounting for more than 80% of cases of secondary amyloidosis (Dahlin, 1949; Heptinstall and Joekes, 1960) . Although most studies have reported that secondary amyloidosis is much more common than the primary variety (Brandt et al., 1968; Triger and Joekes, 1973) , a more recent report by Kyle and Bayrd (1975) recorded only 19 cases of secondary amyloidosis in their series of 236 patients. According to the latter study, rheumatoid arthritis is now the commonest cause of secondary amyloidosis in the West. The decline in the incidence of amyloidosis secondary to tuberculosis has been largely due to the introduction of effective anti-tuberculous chemotherapy and a near eradication of this disease from the developed countries. In one study, the post-mortem incidence of amyloidosis declined from 24% in the prechemotherapy years to 11 % after the introduction of streptomycin and isoniazid (Yoshizumi and Li, 1962) . That tuberculosis still remains the commonest cause of secondary amyloidosis amongst North Indian patients is borne out by the observation that out of 35 cases of secondary amyloidosis seen by the present authors during the last 4 years of their study, 51 % have been in association with tuberculosis. Of the total group of 203 patients of secondary amyloidosis, tuberculosis of various organs was the predisposing factor in 59-1 %. According to 2 reports, tuberculosis still continues to be the commonest preceding disease in some areas in the West (Triger and Joekes, 1973; Kennedy, Burton and Allison, 1974) . Chronic suppuration in the form of bronchiectasis, lung abscess and chronic osteomyelitis was the second commonest cause of secondary amyloidosis in the present study as has also been observed by others (Triger and Joekes, 1973; Rizvi et al., 1974) .
Whereas secondary amyloidosis can occur as early as the first or second decade of life , primary amyloidosis is rare under the age of 40 years (Triger and Joekes, 1973; Kyle and Bayrd, 1975) . The mean age of onset of primary amyloidosis has been recorded to be 58 to 61 years by the latter workers. In the present series, the mean age was considerably lower (49-2 years) and 5 out of 22 patients were <40 years of age. Amyloidosis in these patients was labelled as primary only after careful evaluation had failed to reveal the presence of any preceding disease.
There is usually an interval of some years between the preceding infectious or inflammatory disease and the diagnosis of amyloidosis. This interval varies widely and may be as short as 6 months or as long as 43 years (Kennedy et al., 1974) . Although the average interval between tuberculosis and the subsequent diagnosis of amyloidosis has been reported to be as long as 21-22 years (Kennedy et al., 1974; Jaws, 1974 ) and a mean interval of 12 years has been reported by Kuhlback (1976) in secondary amyloidosis due to various chronic inflammatory diseases, the mean interval was only 6-92 years in the patients in the present study. Yoshizumi and Li (1962) also reported a mean interval of 6 years and one month in patients dying of pulmonary tuberculosis. However, since the clinical onset of amyloidosis is preceded by a long pre-clinical stage which may last as long as 6 years , the true interval between the preceding disease and the onset of amyloidosis is not known.
Proteinuria is by far the most common presenting feature of amyloidosis, both of the primary and secondary varieties, on account of the high frequency with which the kidneys are involved (Brandt et al., 1968; Triger and Joekes, 1973; Kyle and Bayrd, 1975) . Approximately 50% of the present patients had presented with a nephrotic syndrome. The reported incidence of this complication varies from 32-68 % (Heptinstall and Joekes, 1960; Brandt et al., 1968; Triger and Joekes, 1973; Kennedy et al., 1974; Kyle and Bayrd, 1975) . Heavy proteinuria is not uncommon and 30 out of 233 patients (12-9%) in the present series had a 24-hr protein excretion of more than 10 g. Amyloidosis is one condition in which heavy proteinuria may persist even when there has been a considerable decline in the glomerular filtration rate (Brandt et al., 1968) . In 21 patients who had a serum creatinine of > 442 ,umol/l, the authors detected a 24-hr proteinuria of more than 3 g. Although ealier studies indicated that hypertension was an infrequent complication (Dixon, 1934; Brandt et al., 1968; Bentwich, Rosemann and Eliakim, 1971) , more recently up to 50% of patients have been detected as being hypertensive (Triger and Joekes, 1973; Jaws, 1974) . In the present patients, the incidence of hypertension was only 7-2 % and most of these were in renal failure.
The incidence of hepatomegaly in the present patients was considerably less than the reported incidence of 50-64% (Brandt et al., 1968; Kyle and Bayrd, 1975) . The spleen was palpable in 12% of the authors' patients which is in agreement with the reported incidence of 10 to 31 % (Brandt et al., 1968; Kyle and Bayrd, 1975) .
Although most patients with renal amyloidosis will progress inexorably to chronic renal failure, histological regression and/or clinical remission has been observed in a few instances of secondary amyloidosis (Lowenstein and Gallo, 1970; Triger and Joekes, 1973; Fitchen, 1975) after adequate treatment of the preceding disease and in a single patient with primary amyloidosis (Cohen et al., 1975) . However, such remissions have occurred only in those patients in whom the blood urea and creatinine levels were normal (Triger and Joekes, 1973) . This phenomenon was observed in 3 patients in the present series. Amyloid tends to be fairly evenly distributed throughout the cortex, and biopsies taken from several parts of the cortex in the same kidney have not shown any significant difference in amyloid deposition (Triger and Joekes, 1973) . Therefore, the impression of histological regression based on a kidney biopsy is unlikely to be wrong.
The pattern or organ distribution observed at post-mortem showed only minor differences when compared to what had been noted by others (Yoshizumi and Li, 1962; Brandt et al., 1968; Triger and Joekes, 1973) . Although the number of patients with primary amyloidosis who were examined at postmortem is too small to make a reliable judgement, cardiac involvement occurred twice as commonly in primary as in secondary amyloidosis. This difference was also observed by Brandt et al. (1968) although in their study the overall incidence of cardiac involvement was much higher. Apart from this, there was no other significant difference in the organ distribution between primary and secondary amyloidosis.
The incidence of renal involvement in primary amyloidosis has varied from 27-2 to 90% (Eisen, 1946; Rukavina et al., 1956; Kyle and Bayrd, 1975) . However, the incidence of renal involvement in secondary amyloidosis has been consistently > 70 % (Dahlin, 1949; Eisen, 1946; Chitkara et al., 1965) . This also explains why uraemia is the cause of death in 58 to 65% of those with secondary amyloidosis (Triger and Joekes, 1973; Jaws, 1974) but only in 16 to 25 % of those with primary amyloidosis (Barth et al., 1968; Kyle and Bayrd, 1975) . Congestive cardiac failure is a more frequent cause of death in primary amyloidosis (Kyle and Bayrd, 1975) .
Kidney weights have not been recorded in any previous study. In the majority of the present authors' patients, the kidneys were of normal weight. The belief that even patients with advanced renal failure may have normal or large sized kidneys has once more been confirmed by the authors.
